Comment
N-(2,6-Dimethylphenyl)-5-methylisoxazole-3-carboxamide or D2624 (conventional pharmaceutical name) ( Fig. I) is a promising anticonvulsant drug (Lepage, Tombret, Cuvier, Marivain & Gillardin, 1992) . Experimental bond lengths and bond angles are similar to those observed in related compounds (Allen, Kennard, Watson, Brammer, Orpen & Taylor, 1987) . The molecular structure is mainly composed of two planar systems, nearly orthogonal to one another [102 (I)°], which is a conformation seen in several anticonvulsant molecules (Codding, Duke, Aha, Palmer, McClurg & Szkaradzinska, 1990) . In the crystal structure, short C--H...O contacts link two asymmetrical molecules forming dimers about the centers of inversion. These C--H...O interactions are characterized by an intermolecular distance C(4)...O(7 i) of 3.290 (4) A and an angle C(4)--H(4)...O(7 ') of 159 (4)°; the H(4) atom is almost situated in the plane O(T), C(6i), C(3i), where the oxygen sp 2 lobes are located (Fig. 2) . The dimers display a herringbone arrangement as is common for planar aromatic hydrocarbons, e.g. naphthalene.
There are many examples of interactions between O atoms and C--H groups in the literature. These interactions involve aromatic, alkyne, alkene or even aliphatic C--H groups (Taylor & Kennard, 1982; Seiler, Weisman, Glendening, Weinhold, Johnson & Dunitz, 1987; Desiraju, 1989 (Bertolasi, Ferretti, Gilli & Borea, 1990) . Dimers linked by C--H...O interactions have also been observed in the crystal structure of p,p'-dinitrobenzanilide but no theoretical explanations were given (Hariharan & Srinivasan, 1990) .
In order to state more precisely the conditions under which such a short contact could be established, we performed semi-empirical calculations on D2624 and related molecules, using the AM 1 (Austin model 1) Hamiltonian method (Dewar, Zoebisch, Healy & Stewart, 1985) . The AM1 method has been successfully used for the study of hydrogen bonds in nitroanilines (Vinson & Dannenberg, 1989) , the water dimer (Dannenberg, 1988) and hexuloses (Woods, Szarek & Smith, 1990) .
The stabilization of D2624 dimers was related to the charges calculated by the AM1 method. The rotational barriers around the C(3)--C(6) and N(8)--C(9) bonds were found from a search of other conformers. AM 1-calculated geometry is globally correct. Bond lengths between non-H atoms were found to be within 0.05 A of experimental values, except for the O(1)--N(2) bond, which is underestimated by 0.09A, and the O(1)---C(5) bond, which is overestimated by 0.07 A. MNDO (modified neglect of diatomic overlap) calculations performed on isoxazole revealed the same discrepancy (Olivella & Vilarrasa, 1981 ). An interesting feature of the calculated geometry is the presence of a short intramolecular C--H...O interaction between 0(7) and an H atom on the methyl group, C(15) or C(16). This intramolecular C--H...O interaction is not present in the crystal and might be related to the known deficiency of the AM1 method which favors bifurcation in hydrogen bonding to oxygen centers (Merz, Hoffmann & Dewar, 1989; Coitino, Irving, Rama, Iglesias, Paulino & Ventura, 1990; Weaver, Khalil & Smith, 1991; Rzepa & Yi, 1991) .
Rotational barriers around the C(6)--C(3) ( Fig.  3a ) and the C(9)--N(8) bonds ( Fig. 3b ) have been calculated by stepping the O(7)---C(6)--C(3)--N(2) and C(10)---C(9)--N(8)---C(6) dihedral angles in 10 ° intervals, and by minimizing energy without applying any constraints, except to the selected torsion angle. Computed torsion angles at minimum enthalpy were found to be 169 and 66 ° (173 and 77 ° in the crystal), respectively, and were found to be mutually independent. The relatively high rotational barriers, calcu-lated to be 13.4 and 22.2 kJ mol -l, respectively, suggest that the conformer present in solution is identical to the crystal conformer. The calculated rotational barrier around the C(9)--N(8) bond (Fig.  3b ) deserves some attention. The computed enthalpy for a 90 ° torsion angle is higher by 3.8 kJ mol-] than that at the 66 ° torsion-angle minimum. We explain this by the fact that there is no possibility of an intramolecular C--H...O interaction between 0 (7) and an H atom on the methyl group, C(15) or C(16), when the C(10)---C(9)--N(8)---C(6) torsion angle is 90 ° . However, this interaction is present in other calculated conformations.
AMl-calculated geometry for the dimer is reasonably close to the experimental structure with a mean C(4).. O (7)'"O(7 i) distance of 4.66 instead of 4.48 ,~ and a C(4)...C(4 i) distance of 3.97 instead of 4.41 ,~. AM1optimized geometry for the individual unit in the dimer is similar to the optimized geometry of the monomeric molecule. The computed distance H(4).-.O(7 i) is 2.29 A, which is much lower than the sum of the hydrogen and oxygen van der Waals radii. Selected AM1 charges calculated for D2624, monomer and dimer, are given in Fig. 4 . The charge on H(4) (+0.197) of D2624 is higher than that computed for the parent isoxazole (+ 0.174). It is close to the value calculated for the trinitrobenzene hydrogens (+0.217), which give C--H...O interactions (Taylor & Kennard, 1982) . In the dimer, the calculated charge on H(4) is still higher (+0.213), in comparison to the monomer. Inversely, the calculated charge on 0 (7) (2) 3.01 0.1317 (2) 3.48 0.2173 (2) 3.78 0.0286 (2) 3.14 --0.0366 (1) 4.79 0.0318 (2) 3.65 --0.0397 (2) 3.09 -0.0997 (2) 3.40 -0.1651 ( The structure was solved by direct methods using MULTAN80 (Main, Fiske, Hull, Lessinger, Germain, Declercq & Woolfson, 1980) . H atoms were located from a difference Fourier map. Full-matrix refinements were carried out by a modified version of ORXFLS (Busing, 1971 ) on a CDC Cyber 990. Distances and angles were calculated with ORFFE3 (Busing, Martin, Levy, Brown, Johnson & Thiessen, 1971 ) and angles of the least-squares planes according to BP'IC (Ito & Sugawara, 1983) . The molecular structure and atomic numbering of D2624 were drawn by ORTEPII (Johnson, 1976) . A view of all molecules, as packed in the unit cell, was obtained using MOLDRAW (Cense, 1989) . AM1 calculations were performed on Silicon Graphics 4D/25, either with AMPAC-3.01 or MOPAC-4.00 (Stewart, 1983) . Geometries were fully optimized, employing the keyword PRECISE, without applying any constraints except the fixed torsion angle during rotational-barrier calculations.
Lists of structure factors, anisotropic thermal parameters, H-atom coordinates and bond distances involving H atoms, least-squares-planes data and selected torsion angles have been deposited with the British Library 
3,Y-Dimethyl-4,4'-bipyridine and 5,5'-Dimethyl-4,4'-bipyrimidine

ANDRE GOURDON
Cemes, CNRS UP 8011, BP4347, 29 rue Jeanne Marvig, 31055 Toulouse, France Although the angle between ring planes in (1) is much larger than in (2), the central C--C distance is nearly the same in both compounds [1.508 (6) in (1), 1.498 (4)A in (2)], indicating single-bond character. Distortions of the ring geometries from hexagonal are comparable with those in other bipyridine compounds [from the Cambridge Structural Database (Allen, Kennard & Taylor, 1983) ] and in 4,4'bipyrimidine (Tapolsky, Robert & Launay, 1988) .
,,?' (3)A] with an angle between the pyrimidyl planes of 46.0 ° .
Comment
The structure determination of 3,3'-dimethyl-4,4'-bipyridine (1) and 5,5'-dimethyl-4,4'-bipyrimidine (2) was undertaken during the course of a study into the electron-transfer properties of these bridging ligands versus their conformational changes. Details of the syntheses will be published elsewhere (Gourdon, 1992) . Crystals of (1) and (2) 
